Rapid Assessment of Meat Quality by Means of an Electronic Nose and Support Vector Machines  by Papadopoulou, Olga S. et al.
Procedia Food Science 1 (2011) 2003 – 2006
Available online at www.sciencedirect.com
2211–601X © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of 11th International Congress on Engineering  
and Food (ICEF 11) Executive Committee.
doi:10.1016/j.profoo.2011.09.295
11th International Congress on Engineering and Food (ICEF11) 
Rapid assessment of meat quality by means of an electronic 
nose and support vector machines 
Olga S. Papadopouloua,b, Chrysoula C. Tassoub, Luigi Schiavoc, George-John E. 
Nychasa, Efstathios Z. Panagoua* 
aLaboratory of Microbiology and Biotechnology of Foods, Department of Food Science and Technology, Agricultural University of 
Athens, Iera Odos 75, Athens, 11855 ,Greece, 
bNational Agricultural Research Foundation, Institute of Technology of Agricultural Products, Sofokli Venizelou 1, Lycovrissi, 
14233, Greece, 
cBiological Division, Technobiochip ScaRL, Via Prov.le per Pianura 5, Pozzuoli (Na),  80078, Italy
Abstract 
Minced pork was stored aerobically and in MAP conditions at five different temperatures (0, 5, 10, 15, and 20°C) and 
microbiological analysis in terms of total viable counts (TVC) was performed in parallel with e-nose measurements 
and sensory analysis until spoilage was evident in the samples. The volatile patterns collected from e-nose were 
initially subjected to Principal Component Analysis (PCA) for dimensionality reduction and subsequently to Support 
Vector Machines (SVM) analysis, using different kernels (linear, polynomial, and radial basis function), in order to 
classify meat in three distinct quality classes namely, fresh, semi-fresh, and spoiled. Results showed that SVM with 
radial basis function kernel provided good discrimination of minced pork samples regarding spoilage status. The 
overall correct classification in the three sensory classes was 81%, whereas correct classification for fresh, semi-fresh 
and spoiled samples amounted to 76, 87, and 78%, respectively. 
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1. Introduction  
It is generally accepted that detectable organoleptic spoilage is a result of decomposition and formation 
of metabolites caused by the growth of microorganisms. Changes in colour and odour are considered to 
be the first signs of spoilage [1,2]. In particular, odour is a major olfactory parameter determining the 
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sensory quality of food commodities and it is therefore of interest to investigate whether volatile 
compounds could be considered as indicators of quality assessment [3]. During the last decade, electronic 
nose sensors array systems have been employed extensively in quality control of meat and meat products. 
Signal processing and pattern recognition in particular, is a fundamental part of data mining of any 
sensors array system. ȉhe aim of the present study was to investigate the potential use of volatile 
fingerprints (snapshots) of meat, acquired by an electronic nose, in combination with chemometrics to 
discriminate the quality of meat stored at different temperatures and packaging conditions.  
2. Materials and Methods 
Minced pork was stored aerobically and under modified atmospheres (60%CO2/20%O2/20%N2) at five 
different temperatures (0, 5, 10, 15 and 20°C) and microbiological analyses in terms of total viable counts 
(TVC) were performed in parallel with e-nose measurements and sensory analysis. An electronic gas 
sensor array system (Libra Nose, TechnoBioChip, Italy) implemented with an array of 8 quartz crystal 
microbalance (QCM) non-selective sensors coated with different poly-pyrrole derivatives, synthesized at 
Technobiochip and covered by a European patent [EP1505095], was used to generate a chemical 
fingerprint of volatile compounds of minced pork samples during storage. Specifically, 5 g of minced 
pork were introduced inside a 100 ml volume glass jar and left at room temperature (20°C) for 60 min to 
enhance desorption of volatile and semi-volatile compounds from the meat into the gas phase. 
Subsequently, the headspace was pumped over the sensors of the electronic nose and the generated signal 
was continuously and in real time recorded to a PC (Figure 1). The acquired volatile fingerprints of aroma 
profile were used in order to predict the sensory group of the sample of minced pork during storage at 
chill and abuse temperatures. The volatile patterns collected from e-nose were subjected to Principal 
Component Analysis (PCA) and Support Vector Machines (SVM) analysis using linear, polynomial and 
radial basis function (RBF) kernels in order to predict the quality of a sample that was pre-characterized 
as fresh (F), semi-fresh (SF) or spoiled (S) from a taste panel. The database was randomly partitioned into 
training and testing subsets representing approximately 80% and 20% of the data, respectively. Test data 
were not employed in any step of model development but they were used exclusively to determine its 
performance. For each modelling approach, 5 runs with different training/testing data were performed, 
randomizing in each run the initial data set. The classification accuracy of the SVM model was 
determined as the number of correctly classified samples in each sensory class divided by the total 
number of samples in the class. 
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Fig. 1. Responses of the eight sensors of Libra e-nose during sampling 
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3. Results and Discussion 
In this study, e-nose was used to obtain volatile fingerprints of minced pork meat during storage in 
different conditions (i.e., temperature and packaging systems) in an attempt to monitor spoilage. The 
eight sensors used had different responses to the samples tested as it can be seen in Figure 1. This could 
be attributed to the intrinsic selectivity of the molecular sensing mechanism and to the mass of the 
molecules that are bounded at the coated surface of the sensors [4]. The volatile patterns collected from 
the eight sensors signal of e-nose were subjected to Principal Component Analysis (PCA) in order to 
reduce the dimensionality of the data set. The total variance (100%) of the data set could be explained by 
eight principal components (PCs) among which the first five accounted for 99% of total variance 
observed in the experiment. These factor scores derived from the e-nose sensors were extracted and used 
as an input in Support Vector Machines. Results showed that SVM analysis with RBF kernel (with 
gamma parameter 16) provided the best discrimination of minced pork samples regarding spoilage status 
compared with linear and polynomial kernels. Specifically, the overall correct classification for the three 
sensory classes was 81%, while classification for fresh, semi-fresh and spoiled samples was 76, 87, and 
78%, respectively (Table 1). The percentage of erroneous predictions in the safe side (fail safe) was 
10.6% corresponding to 38 cases out of 360 meat samples. In addition, the misclassified cases in the 
dangerous side (fail dangerous) were 8.05% corresponding to 29 cases out of 360 meat samples. The use 
of e-nose technique in combination with chemometrics could be employed satisfactorily to analyze 
volatile fingerprints (snapshots) of aroma profile and predict the sensory group of the sample of minced 
pork during storage at various temperatures. E-nose has a considerable potential for application in the 
food industry as a rapid and non-invasive method. 
 
Table 1. Confusion matrix for Support Vector Machines using RBF kernel performing the task of discrimination of the test samples 
of pork-minced meat in sensory classes (fresh, semi-fresh, spoiled).  
Predicted class True class 
Fresh Semi-fresh Spoiled 
Total Correct (%) 
Fresh 60 9 10 79 76% 
Semi-fresh 2 139 19 160 87% 
Spoiled 5 22 94 121 78% 
SVM 
Overall correct classification (accuracy): 81% 
 
4. Conclusion 
In conclusion, the results obtained in this study demonstrated that volatile fingerprints collected from 
e-nose analysis combined with an appropriate machine learning strategy (i.e., Support Vector Machines) 
could become an interesting tool to monitor minced pork spoilage through the measurement of 
biochemical changes occurring in meat substrate. 
The collected aroma profile could be considered as biochemical fingerprint containing valuable 
information for the discrimination of meat samples in quality classes corresponding to different spoilage 
levels. However, further studies are required for the method to be eligible and able to be updated with the 
novel packaging and preservation techniques that are raising and sequentially change the time course and 
character of spoilage. 
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